Background -Achalasia is a disease that affects esophageal bolus transit due to the absence of esophageal peristaltic contractions and impaired or absent relaxation of the lower esophageal sphincter. Objective -The objective of this investigation was: a) to evaluate the dynamics of water ingestion in patients with achalasia, idiopathic or caused by Chagas' disease; b) to evaluate the influence of sex and age on water ingestion dynamics. Methods -The investigation was conducted with 79 patients with achalasia (27 idiopathic and 52 Chagas' disease) and 91 healthy volunteers, all evaluated by the water-drinking test. The individuals drank, in triplicate, 50 mL of water without interruption. The time and the number of swallows for this task were counted. We also measured: (a) inter-swallow interval -the time to complete the task, divided by the number of swallows during the task; (b) swallowing rate -volume drunk divided by the time; (c) volume per swallow -volume drunk divided by the number of swallows. Results -Patients with achalasia took longer to ingest all the volume (mean 12.2 seconds) than healthy controls (mean 5.4 seconds), had greater number of swallows, longer interval between swallows, lower swallowing rate (5.2 mL/s vs 10.9 mL/s in controls) and lower volume per swallow (9.1 mL vs 14.4 mL in controls, P<0.01). Among healthy volunteers, women had a shorter interval between swallows and lower volume per swallow compared with men, and in the achalasia group, women had a longer interval between swallows and lower ingestion rate. No difference in the drinking test results was found between younger and older subjects in achalasia or control group. Also, no differences were observed between patients with Chagas' disease and those with idiopathic achalasia, or between patients with increased and normal esophageal diameter. Conclusion -Patients with achalasia have difficulty in ingesting water, taking a longer time to complete the task, which is influenced by sex but not by age or severity of the disease.
INTRODUCTION
Dysphagia for liquid and solid foods and regurgitation are the most frequent symptoms of achalasia (1) (2) (3) (4) (5) (6) (7) , an esophageal motility disorder caused by impairment or loss of the neurons of the esophageal myenteric plexus (1) (2) (3) (4) (5) (6) (7) , with decreased or absent lower esophageal sphincter (LES) relaxation and loss of peristaltic contractions in the esophageal body (1, 4, 5) . Achalasia may be idiopathic (1, 2, 4) or associated with a known disease (8) , such as Chagas' disease, a tropical parasitic disease caused by the flagellate protozoan Trypanosoma cruzi (6, 7) .
Patients with achalasia caused by Chagas' disease take longer to drink a volume of water, with slower swallowing rate and lower volume in each swallow than controls subjects (9) . Previous investigations showed, using the water-drinking test, that healthy women, compared with healthy men, have lower swallowing capacity and volume per swallow (10, 11) . In addition, aging process causes a decline in the volume per swallow and in swallowing capacity (10) . However, the effect of age and sex have not been reported in achalasia. Our hypothesis was that sex and age have influence on the dynamics of water ingestion in patients with achalasia.
Our aim in this investigation was to: a) evaluate the dynamics of water ingestion in patients with achalasia and healthy volunteers; b) evaluate the effect of sex and age in water ingestion; c) evalu-ate the influence of the esophageal involvement by the disease on water ingestion; d) compare the results of idiopathic achalasia with achalasia caused by Chagas' disease.
METHODS
Seventy-nine patients (28 men; 35%) with achalasia, 50 caused by Chagas' disease and 29 with idiopathic achalasia, aged from 23 to 79 years (mean: 52.7 years, SD: 14.2 years) and 91 healthy volunteers (44 men; 48%) aged from 20 to 77 years (mean: 46.5, SD: 15.7 years) were included in the study.
Patients had dysphagia for liquid and solid foods, with esophageal retention of barium sulfate inside the esophageal body showed by radiologic examination. Upper digestive endoscopy was performed in all patients to rule out complications of the disease or other causes of dysphagia. The degree of esophageal involvement was assessed by anteroposterior radiograph of esophagus obtained at a fixed distance of 1.8 m at 10 seconds after the swallowing of 200 mL of liquid barium sulfate. The result was considered normal if there was no barium remaining in the esophagus; grade I esophageal disease if there was esophageal retention of barium sulfate but the distal esophageal diameter was less than 4 cm; or grade II if there was esophageal retention and the distal esophageal diameter was between 4 and 7 cm (12) . Epidemiology and serologic test for Chagas' disease was used to establish the diagnosis of idiopathic or Chagas' disease achalasia. Final diagnosis of achalasia was confirmed by manometric examination, performed with the method of water perfusion in all subjects with clinical and radiological suspect of achalasia. Aperistalsis in the esophageal body and impaired or absent relaxation of the lower esophageal sphincter were indicative of achalasia (1, 8) . No patient had endocrine, neurologic or cardiologic diseases, and none of those with Chagas' disease had cardiac failure or cardiac arrhythmia (13) .
Control group was composed of healthy volunteers from the same community as the patients, recruited by advertisement in the hospital. They did not have dysphagia, regurgitation, heartburn; or other digestive symptoms, endocrine, neurologic, cardiologic diseases or other notable systemic disease. The investigation was approved by the Human Research Committee of the University Hospital. All controls and patients gave written informed consent to participate in the study and the anonymity of each participant was preserved.
Swallowing dynamics was assessed by the water-drinking test (10, 11, (14) (15) (16) . In the sitting position, individuals were asked to drink in a "confortable" way without interruption 50 mL of water at room temperature from a plastic cup. A stopwatch was started when the first drop of water touched the lip, and stopped when the larynx of the volunteers came to rest after the last swallow. The drinking test was performed in triplicate, with an interval of at least 30 seconds between measurements. The mean of the three tests of each individual was used for analysis. The researchers involved in this study had previous training in timing and counting the swallows, which was defined as the number of movements of the upper larynx. The following parameters were also calculated: (a) inter-swallow interval -the time required to complete the task, in seconds, divided by the number of swallows during the task; (b) swallowing rate -volume of water (mL) divided by the time, in seconds; (c) volume in each swallow -volume drunk (mL) divided by the number of swallows.
Participants were grouped by sex (men and women), age (younger: 20-49 years, older: 50-79 years), severity of the esophageal radiological findings (Grade I or Grade II), and by etiology of the disease (idiopathic or Chagas). Mean age was 33.4 (7.7) years among younger and 61.1 (7.2) years among older subjects in the control group, and 38.3 (7.7) years and 63.1 (7.2) years among younger and older subjects, respectively, in the achalasia group.
Between-group comparisons were analyzed by covariance test (ANCOVA). Results are reported as mean and standard deviation (SD). All tests were two-tailed, and a p value of ≤0.05 was considered statistically significant.
RESULTS
Patients with achalasia had a longer time to ingest the water, a greater number of swallows, had a longer inter-swallows interval, a lower swallowing rate and a smaller volume per swallow (TABLE 1) .
Women with achalasia had a longer inter-swallow interval and lower swallowing rate as compared with men with achalasia, whereas in control volunteers women had a shorter inter-swallow interval and a lower volume in each swallow than men (TABLE 2) . We found no effect of age on swallowing parameters in our study groups (TABLE 3) . However, considering the age subgroups, healthy individuals aged 60-79 years (n=23) had a significantly lower swallowing rate (9.1 mL/s) than younger subjects (n=48, 11.8 mL/s, P=0.04), whereas in patients with achalasia (n=33) this difference was not observed (4.8 mL/s vs 5.4 mL/s, respectively, P>0.05). With respect of the volume per swallow these oldest group has a volume of 12.6 mL among the healthy volunteers and 9.1 mL among the achalasia patients, without differences with the younger group (controls: 15.1 mL, achalasia: 9.4 mL, P>0.05).
There was no difference between grade I and grade II achalasia patients, or between patients with idiopathic achalasia and those with Chagas' disease in swallowing parameters (P>0.30, TABLE 4).
DISCUSSION
As expected, water drinking test showed that patients with achalasia had difficulty in drinking 50 mL of water, probably due to altered esophageal motility and dysphagia.
Water ingestion in healthy individuals has shown to be different between men and women. Women have short interval between swallows, and lower number of swallows, swallowing rate and volume per swallows than men (11) . These findings were corroborated by our results, showing a shorter inter-swallows interval and a lower volume per swallows in healthy women than men. In addition, a more severe impairment of swallowing was found in women with achalasia than men, with a significant longer inter-swallow intervals and lower swallowing rate. However, the possibility that this difference may be caused by the influence of sex on swallowing behavior rather than by a more severe impairment of esophageal motility and transit than men cannot be ruled out. Also, differences in swallowing between men and women is a matter of controversy (17) , and may not be clinically relevant among patients with achalasia. In healthy subjects, gender does not seem to influence esophageal motility (18) .
Aging process has a clear influence on swallowing (19) (20) (21) (22) (23) . Swallowing capacity decreases as the individual gets older, with altered oral, pharyngeal and esophageal function (19) , manifested by prolongation of oral and pharyngeal phases (23) , esophageal motility abnormalities (23) , and reduction in the cross-sectional area of the upper esophageal sphincter opening during swallows (19) . In patients with idiopathic achalasia without treatment, however, the frequency and severity of the symptoms are inversely correlated with age (24) , which means that older subjects have less symptoms than younger ones, indicating that these functional abnormalities are not aggravated by aging. This is also seen in patients with Chagas' disease, in whom aging is not associated with aggravation of esophageal dysfunction (12) .
During the aging process, there is a loss of the esophageal myenteric plexus (25, 26) , which explain the deterioration in esophageal motility and function in subjects with established esophageal motility disease (21) . This change, however, does not exacerbate esophageal dysfunction in achalasia, be it before or after treatment (24) or in Chagas' disease (12) . Although one may expect that patients with increased esophageal diameter have a more severe esophageal dysfunction than patients with normal esophageal diameter, we did not find differences in the drinking test results between these subgroups of patients. It is possible that, for water ingestion, the most important influencing factor on bolus transit is the absence of lower esophageal sphincter relaxation, which may not be different between grades I and II. In fact, this is, at least in part, the reason for therapeutic success of achalasia by pneumatic dilation or myotomy, which promotes a reduction in the gastroesophageal junction resistance to flow and improvement of symptoms in patients grades I and II. In addition, despite known differences between achalasia caused by Chagas' disease and idiopathic (27) (28) (29) , including altered pharyngeal transit (30, 31) , our results did not show differences in the test between patients with these conditions.
The investigation has some limitations. Drinking test results may be affected by the subjects' behavior and perception of dysphagia. However, reflects what happens to patients during the everyday water ingestion. The different results between men and women with achalasia could be consequence of a more intense esophageal impairment by the disease in women, however grade II in esophageal radiologic examination were more frequent in men (61%) than in women (43%). Evaluation of ingestion of other consistency, as a paste bolus, should added more information to the investigation.
In conclusion, patients with achalasia has difficulty in drinking water. This investigation showed a gender but not an age effect on the results of water-drinking test. The aging process do not seems to cause further deterioration of this functional test. There was no difference in swallowing parameters between patients with idiopathic achalasia and patients with Chagas' disease, or difference between patients with increased esophageal diameter and patients with normal esophageal diameter.
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